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(54) Display assemblies 

(57) A transparent LCD back-lit display 1 has a 
transparent indium-tin oxide heater layer 20 extending 
across the display and a resistive metal strip 23, sup- 
ported in a frame 24 of low thermal conductivity, extend- 
ing around its edge. One temperature sensor 4 is mount- 



ed at the centre of the display and another 5 is mounted 
at the edge. The sensors 4 and 5 are connected to a 
heater control unit 22, which controls power supplied to 
the heater layer 20 and the edge strip 23 to maintain the 
temperatures at the centre and edge of the display 
equal 
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Description 

This invention relates to display assemblies of the 
kind comprising a flat panel display and a heater.. 

Some forms of display, such as liquid crystal dis- 
plays (LCDs), only operate correctly at temperatures 
above normal ambient temperature. This is a particular 
problem with more complex, high performance LCDs 
having a large number of grey scales. Typically, a sixty- 
four grey scale LCD should be at a temperature between 
40°C and 75°C to operate correctly. Currently, high per- 
formance LCDs usually incorporate a film of indium tin 
oxide, to provide heating, especially during start-up 
when heat from the display backlight will not have buitt 
up sufficiently. 

The problem with these thin-film heating elements 
is that the heating effect at the centre of the display is 
greater than towards the edges. This problem is aggra- 
vated by the fact that the display is retained by a support 
around the edges, which acts as a heat sinkfor the ther- 
mal energy produced by the heater. The difference in 
temperature between the centre of the display and the 
edge during start-up conditions can be as much as 40°C 
or 70° C when starting from very low temperatures. 
Where the display is used in a critical application, such 
as in an aircraft, it can be important to raise its temper- 
ature to the correct operating value within a very short 
period; this can be as little as 30 seconds or less. Al- 
though it may be possible to achieve sufficient warming 
in the centre of the display within the desired time, the 
edge of the display may remain below the correct tem- 
perature for longer than desired. Furthermore, because 
the edge needs to be raised to the correct ope rating tem- 
perature, this means that the centre of the display is of- 
ten heated to a greater temperature than is necessary. 
This can lead to delamination of the display over a pro- 
longed period. 

It is an object of the present invention to provide a 
display assembly that can be used to overcome the 
above-mentioned problems. 

According to the present invention there is provided 
a display assembly of the above-specified kind, charac- 
terised in that the heater comprises a planar heating el- 
ement extending across the display and an edge heater 
extending around the edge of the display. 

In this way, it is possible to achieve a more even 
heating across the display. 

The planar heating element is preferably of a trans- 
parent resistive material, such as indium-tin oxide. The 
edge heater may include a resistive metal strip electri- 
cally insulated from the planar heating element. The 
edge heater is preferably mounted in a frame of a ma- 
terial having a low thermal conductivity. The fiat panel 
display may be an LCD display. The assembly may in- 
clude a first temperature sensor mounted to monitor the 
temperature towards the centre of the display and a sec- 
ond temperature sensor mounted to monitor the tem- 
perature towards the edge of the display. The outputs 



of the first and second sensors are preferably connected 
to a heater control unit, the heater control unit controlling 
the power supplied to the planar heating element and 
the edge heater such as to maintain the temperatures 

s of the centre and edge of the display substantially equal. 
The outputs of the first and second temperature sensors 
may be connected to a display driver unit, the display 
driver unit controlling the power supplied to the display 
according to display temperature. The assembly may 

10 supply power to the heater when the assembly is first 
switched on and supply power sufficient to cause heat- 
ing only while the flat panel display is below its operating 
temperature. 

A display assembly according to the present inven- 
ts tion will now be described, by way of example, with ref- 
erence to the accompanying drawings, in which: 

Figure 1 is a perspective view of the assembly; 

20 Figure 2 is an elevation view of the front of the as- 
sembly; and 

Figure 3 is a sectional side elevation of a part of the 
assembly along the line III - III of Figure 2. 

25 

The display assembly comprises an LCD display 1 , 
a display heater indicated generally by the numeral 2 
and a backlight 3 for illuminating the display from the 
rear. 

30 The display 1 is a conventional matrix array LCD 
panel, typically of square shape with sides about 10cm 
long, and having a high performance with a sixty-four 
grey scale. The display 1 is driven by conventional 
graphics and address/multiplexing electronics, not 
35 shown. 

The heater 2 comprises two elements. One element 
is a transparent layer 20 of an electrically-resistive ma- 
terial, such as indium-tin oxide, coated on the rear sur- 
face of the display panel 1. The transparent layer 20 is 
40 contacted at opposite edges by wires 21 by which cur- 
rent is supplied to the layer from a heater driver unit 22. 
The other element of the heater 2 is an edge heater 23 
incorporated into a mounting frame 24 for the display. 
The frame 24 has a rebate 25 into which the edge of the 
45 display 1 is received and is preferably of a material with 
a low thermal conductivity such as glass-reinforced 
plastics. The edge heater 23 takes the form of a resistive 
metal strip extending as a track along the four sides of 
the frame and having electrical terminals 26 at each end 
so by which the heater is connected to the driver unit 22. 
The heater 23 has an electrically-insulative coating (not 
shown) and bears against the rear side of the display 
pane! 1. 

Two small temperature sensors 4 and 5 are at- 
ss tached to the rear surface of the display 1 to monitor the 
temperature of the display at its centre and close to its 
edge respectively. 

The outputs from the sensors 4 and 5 are connected 
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to the heater driver 22, to control heating of the display, 
and to the display electronics (not shown). 

When the display is started from cold, the heater 
driver 22 supplies power for both the thin-film layer 20 
and the edge heater 23. Typically, about one quarter of 
the total heating load is supplied to the edge heater 23. 
In this way, the edge heater 23 increases the heating 
effect towards the edge of the display to compensate for 
the reduction in heating that would be produced away 
from the centre by the layer 20 alone. This produces 
substantially even heating across the entire viewing ar- 
ea. 

The outputs from the temperature sensors 4 and 5 
enable the heater driver 22 to vary the proportion of pow- 
er supplied to the layer 20 and to the edge heater 23 it 
the relative temperatures of the centre and edges 
should vary. The outputs of the temperature sensors 4 
and 5 are also used by the display driver to vary the 
power supplied to the display according to display tem- 
perature. 

After prolonged use, the heating effect produced by 
the backlight 3 may be sufficient to maintain the display 
1 at its operating temperature so that it is no longer nec- 
essary to supply power sufficient to cause heating to one 
or both heater elements 20 or 23. 

Because the mechanical support for the edge of the 
display is provided by a thermally insulative member 24, 
the differential heating across the surface of the display 
1 is reduced, even without the effect of the edge heater 
23. 

The present invention enables a greater proportion 
of the display area to achieve its optimum operating tem- 
perature more rapidly than has previously been possi- 
ble, so that the quality of the display image is not de- 
graded towards the edges. This is important in critical 
applications, such as in aircraft displays. The invention 
also avoids the need to apply excessive heating to the 
centre of the display in order to achieve correct temper- 
ature at the edges, thereby reducing the risk of damage 
to the display. 

It will be appreciated that the edge heater could be 
of various different kinds and need not be a metal strip, 
as described. 



Claims 

1. A display assembly comprising a flat panel display 
(1) and a heater, characterised in that the heater 
comprises a planar heating element (20) extending 
across the display (1 ) and an edge heater (23) ex- 
tending around the edge of the display. 

2. A display assembly according to Claim 1 , charac- 
terised in that the planar heating element (20) is of 
a transparent resistive material. 

3. A display assembly according to Claim 2, charac- 



terised in that the planar heating element (20) is of 
indium-tin oxide. 

4. A display assembly according to any one of the pre- 
s ceding claims, characterised in that the edge heater 

includes a resistive metal strip (23) electrically in- 
sulated from the planar heating element (20). 

5. A display assembly according to any one of the pre - 
io ceding claims, characterised in that the edge heater 

(23) is mounted in a frame (24) of a material having 
a low thermal conductivity. 

6. A display assembly according to any one of the pre - 
is ceding claims, characterised in that the flat panel 

display is an LCD display (1). 

7. A display assembly according to any one of the pre- 
ceding claims, characterised in that the assembly 
includes a first temperature sensor (4) mounted to 
monitor the temperature towards the centre of the 
display (1) ) and a second temperature sensor (5) 
mounted to monitor the temperature towards the 
edge of the display (1 ). 

A display assembly according to Claim 7, charac- 
terised in that the outputs of the first and second 
temperature sensors (4 and 5) are connected to a 
heater control unit (22), and that the heater control 
unit (22) controls the power supplied to the planar 
heating element (20) and the edge heater (23) such 
as to maintain the temperatures of the centre and 
edge of the display substantially equal. 

A display assembly according to Claim 7 or 8, char- 
acterised in that the outputs of the first and second 
temperature sensors (4 and 5) are connected to a 
display driver unit, and that the display driver unit 
controls the power supplied to the display (1) ac- 
cording to display temperature. 

10. A display assembly according to any one of the pre- 
ceding claims, characterised in that the assembly 
supplies power to the heater (20, 23) when the as- 
45 sembly is first switched on, and that it supplies pow- 
er sufficient to cause heating only while the flat pan- 
el display (1) is below its operating temperature. 
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(54) Display assemblies 

(57) A transparent LCD back-lit display 1 has a 
transparent indium-tin oxide heater layer 20 extending 
across the display and a resistive metal strip 23, sup- 
ported in a frame 24 of low thermal conductivity, extend- 
ing around its edge. One temperature sensor 4 is mount- 



ed at the centre of the display and another 5 is mounted 
at the edge. The sensors 4 and 5 are connected to a 
heater control unit 22, which controls power supplied to 
the heater layer 20 and the edge strip 23 to maintain the 
temperatures at the centre and edge of the display 
equal 
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Description 

This invention relates to display assemblies of the 
kind comprising a flat panel display and a heater. 

Some forms of display such as liquid crystal dis- 
plays (LCDs), only operate correctly at temperatures 
above normal ambient temperature. This is a particular 
problem with more complex, high performance LCDs 
having a large number of grey scales. Typically, a sixty- 
four grey scale LCD should be at a temperature between 
40°C and 75°C to operate correctly. Currently, high per- 
formance LCDs usually incorporate a film of indium tin 
oxide, to provide heating, especially during start-up 
when heat from the display backlight will not have built 
up sufficiently. 

The problem with these thin-film heating elements 
is that the heating effect at the centre of the display is 
greater than towards the edges. This problem is aggra- 
vated by the fact that the display is retained by a support 
around the edges, which acts as a heat sink for the ther- 
mal energy produced by the heater. The difference in 
temperature between the centre of the display and the 
edge during start-up conditions can be as much as 40°C 
or 70°C when starting from very low temperatures. 
Where the display is used in a critical application, such 
as in an aircraft, it can be important to raise its temper- 
ature to the correct operating value within a very short 
period; this can be as little as 30 seconds or less. Al- 
though it may be possible to achieve sufficient warming 
in the centre of the display within the desired time, the 
edge of the display may remain below the correct tem- 
perature for longer than desired. Furthermore, because 
the edge needs to be raised to the correct ope ratin g tem- 
perature, this means that the centre of the display is of- 
ten heated to a greater temperature than is necessary. 
This can lead to delamination of the display over a pro- 
longed period. 

It is an object of the present invention to provide a 
display assembly that can be used to overcome the 
above-mentioned problems. 

According to the present invention there is provided 
a display assembly of the above-specified kind, charac- 
terised in that the heater comprises a planar heating el- 
ement extending across the display and an edge heater 
extending around the edge of the display. 

In this way, it is possible to achieve a more even 
heating across the display. 

The planar heating element is preferably of a trans- 
parent resistive material, such as indium -tin oxide. The 
edge heater may include a resistive metal strip electri- 
cally insulated from the planar heating element. The 
edge heater is preferably mounted in a frame of a ma- 
terial having a low thermal conductivity. The flat panel 
display may be an LCD display The assembly may in- 
clude a first temperature sensor mounted to monitor the 
temperature towards the centre of the display and a sec- 
ond temperature sensor mounted to monitor the tem- 
perature towards the edge of the display. The outputs 



of the first and second sensors are preferably connected 
to a heater control unit, the heater control unit controlling 
the power supplied to the planar heating element and 
the edge heater such as to maintain the temperatures 

5 of the centre and edge of the display substantially equal. 
The outputs of the first and second temperature sensors 
may be connected to a display driver unit, the display 
driver unit controlling the power supplied to the display 
according to display temperature. The assembly may 

10 supply power to the heater when the assembly is first 
switched on and supply power sufficient to cause heat- 
ing only while the flat panel display is below its operating 
temperature. 

A display assembly according to the present inven- 
15 tion will now be described, by way of example, with ref- 
erence to the accompanying drawings, in which: 

Figure 1 is a perspective view of the assembly; 

20 Figure 2 is an elevation view of the front of the as- 
sembly; and 

Figure 3 is a sectional side elevation of a part of the 
assembly along the line III - III of Figure 2. 

25 

The display assembly comprises an LCD display 1 , 
a display heater indicated generally by the numeral 2 
and a backlight 3 for illuminating the display from the 
rear. 

30 The display 1 is a conventional matrix array LCD 
panel, typically of square shape with sides about 10cm 
long, and having a high performance with a sixty-four 
grey scale. The display 1 is driven by conventional 
graphics and address/multiplexing electronics, not 
35 shown. 

The heater 2 comprises two elements. One element 
is a transparent layer 20 of an electrically-resistive ma- 
terial, such as indium-tin oxide, coated on the rear sur- 
face of the display panel 1 . The transparent layer 20 is 
40 contacted at opposite edges by wires 21 by which cur- 
rent is supplied to the layer from a heater driver unit 22. 
The other element of the heater 2 is an edge heater 23 
incorporated into a mounting frame 24 for the display. 
The frame 24 has a rebate 25 into which the edge of the 
45 display 1 is received and is preferably of a material with 
a low thermal conductivity such as glass-reinforced 
plastics. The edge heater 23 takes the form of a resistive 
metal strip extending as a track along the four sides of 
the frame and having electrical terminals 26 at each end 
50 by which the heater is connected to the driver unit 22. 
The heater 23 has an electrically-insulative coating (not 
shown) and bears against the rear side of the display 
panel 1. 

Two small temperature sensors 4 and 5 are at- 
ss tached to the rear surface of the display 1 to monitor the 
temperature of the display at its centre and close to its 
edge respectively. 

The outputs from the sensors 4 and 5 are connected 
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to the heater driver 22, to control heating of the display, 
and to the display electronics (not shown). 

When the display is started from cold, the heater 
driver 22 supplies power for both the thin-film layer 20 
and the edge heater 23. Typically, about one quarter of 
the total heating load is supplied to the edge heater 23. 
In this way, the edge heater 23 increases the heating 
effect towards the edge of the display to compensate for 
the reduction in heating that would be produced away 
from the centre by the layer 20 alone. This produces 
substantially even heating across the entire viewing ar- 
ea. 

The outputs from the temperature sensors 4 and 5 
enable the heater driver 22 to vary the proportion of pow- 
er supplied to the layer 20 and to the edge heater 23 if 
the relative temperatures of the centre and edges 
should vary. The outputs of the temperature sensors 4 
and 5 are also used by the display driver to vary the 
power supplied to the display according to display tem- 
perature. 

After prolonged use, the heating effect produced by 
the backlight 3 may be sufficient to maintain the display 
1 at its operating temperature so that it is no longer nec- 
essary to supply power sufficient to cause heating to one 
or both heater elements 20 or 23. 

Because the mechanical support for the edge of the 
display is provided by a thermally insulative member 24, 
the differential heating across the surface of the display 
1 is reduced, even without the effect of the edge heater 
23. 

The present invention enables a greater proportion 
of the display area to achieve its optimum operating tem- 
perature more rapidly than has previously been possi- 
ble, so that the quality of the display image is not de- 
graded towards the edges. This is important in critical 
applications, such as in aircraft displays. The invention 
also avoids the need to apply excessive heating to the 
centre of the display in order to achieve correct temper- 
ature at the edges, thereby reducing the risk of damage 
to the display. 

It will be appreciated that the edge heater could be 
of various different kinds and need not be a metal strip, 
as described. 



Claims 

1 . A display assembly comprising a flat panel display 
(1) and a heater, characterised in that the heater 
comprises a planar heating element (20) extending 
across the display (1 ) and an edge heater (23) ex- 
tending around the edge of the display. 

2. A display assembly according to Claim 1 , charac- 
terised in that the planar heating element (20) is of 
a transparent resistive material. 

3. A display assembly according to Claim 2, charac- 



terised in that the planar heating element (20) is of 
indium-tin oxide. 

4. A display assembly according to any one of the pre- 
s ceding claims, characterised in that the edge heater 

includes a resistive metal strip (23) electrically in- 
sulated from the planar heating element (20). 

5. A display assembly according to any one of the pre- 
10 ceding claims, characterised in that the edge heater 

(23) is mounted in a frame (24) of a material having 
a low thermal conductivity. 

6. A display assembly according to any one of the pre- 
15 ceding claims, characterised in that the flat panel 

display is an LCD display (1). 

7. A display assembly according to any one of the pre- 
ceding claims, characterised in that the assembly 

20 includes a first temperature sensor (4) mounted to 
monitor the temperature towards the centre of the 
display (1 ) ) and a second temperature sensor (5) 
mounted to monitor the temperature towards the 
edge of the display (1). 

25 

8. A display assembly according to Claim 7, charac- 
terised in that the outputs of the first and second 
temperature sensors (4 and 5) are connected to a 
heater control unit (22), and that the heater control 

30 unit (22) controls the power supplied to the planar 
heating element (20) and the edge heater (23) such 
as to maintain the temperatures of the centre and 
edge of the display substantially equal. 

35 9. A display assembly according to Claim 7 or 8, char- 
acterised in that the outputs of the first and second 
temperature sensors (4 and 5) are connected to a 
display driver unit, and that the display driver unit 
controls the power supplied to the display (1) ac- 
40 cording to display temperature. 

1 0. A display assembly according to any one of the pre- 
ceding claims, characterised in that the assembly 
supplies power to the heater (20, 23) when the as- 
45 sembly is first switched on, and that it supplies pow- 
er sufficient to cause heating only while the flat pan- 
el display (1 ) is below its operating temperature. 
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